Adaptation of microbial communities to faster degradation of xenobiotic compounds after exposure to the compound was studied in ecocores. Radiolabeled test compounds were added to cores that contained natural water and sediment. Adaptation was detected by comparing mineralization rates or disappearance of a parent compound in preexposed and unexposed cores. Microbial communities in preexposed cores from a number of freshwater sampling sites adapted to degrade p-nitrophenol faster; communities from estuarine or marine sites did not show any increase in rates of degradation as a result of preexposure. Adaptation was maximal after 2 weeks and was not detectable after 6 weeks. A threshold concentration of 10 ppb (10 ng/ml) was observed; below this concentration no adaptation was detected. With concentrations of 20 to 100 ppb (20 to 100 ng/ml), the biodegradation rates in preexposed cores were much higher than the rates in control cores and were proportional to the concentration of the test compound. In addition, trifluralin, 2,4-dichlorophenoxyacetic acid, and p-cresol were tested to determine whether preexposure affected subsequent biodegradation. Microbial communities did not adapt to trifluralin. Adaptation to 2,4-dichlorophenoxyacetic acid was similar to adaptation to nitrophenol. p-Cresol was mineralized rapidly in both preexposed and unexposed communities.
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Laboratory studies of pollutant biodegradation are best conducted by using mixed culture systems taken from the field. The goal of such studies is to use degradation rates measured in the laboratory to predict degradation rates in the environment. A number of factors, such as temperature, salinity, pH, redox potential, microbial biomass, and prior exposure, can affect the degradation rate and, thus, the fate of a toxicant. If laboratory studies are to be used to predict biodegradation rates in the field, it is important that the rate-determining factors be understood.
Previous work has shown that adaptation of microorganisms can play a major role in determining biodegradation rates (3, 4, 6, 7, 9) . Adaptation is defined as a change in the microbial community that increases the rate of transformation of a test compound as a result of a prior exposure to the test compound. This is an operational definition, and no attempt is made to distinguish among mechanisms, such as gene transfer or mutation, enzyme induction, and population changes (7) . It is likely that each of t Contribution 440 from the Gulf Breeze Laboratory.
these mechanisms contributes to the changes in biodegradation rates observed after natural microbial communities are exposed to new substrates. Changes in biodegradation rates due to perturbation of the system during sample collection or subsequent laboratory manipulation are excluded from consideration by the use of proper controls.
The effects of adaptation can be dramatic (7). Even when xenobiotic compounds are added at concentrations below 100 ppb (100 ng/ml), the degradation rates can be 1,000-fold higher in populations that are preexposed to the compound. The study of Spain et al. (7) raised several questions concerning the duration, concentration dependence, site dependence, and compound dependence of microbial adaptation. In this report we describe attempts to answer these questions.
MATERIALS AND METHODS
Test system. Biodegradation of test compounds and adaptation of microbial communities were measured in ecocores as described previously (7 3.5 with sodium hydroxide. p-Cresol was detected by following absorbance at 280 nm. 2,4-D was separated by reverse-phase chromatography, using acetonitrile-1.0o acetic acid (1:1) as the mobile phase. UV absorbance was measured at 280 nm.
Trifluralin was extracted from aqueous solutions with equal volumes of hexane, and the extracts were analyzed by gas chromatography. Gas chromatographic analyses were performed with a Hewlett Packard model 5830 gas chromatograph equipped with an electron capture detector. The column (2 mm by 2 m) was packed with 3% OV-101 on Chromosorb HP (80/100 mesh) with support-bonded Carbowax-20M. The column temperature was 155°C, and the flow rate of the argon-methane (90:10) carrier gas was 31 cm3/min.
Culture media and conditions. The culture media and the methods used for enumeration and selection of bacteria have been described previously (7) . Materials sured by liquid scintillation counting as described previously (7) . RESULTS Effect of sampling site. Preliminary work (7) demonstrated that microbial communities from a test site on the Escambia River adapted to degrade PNP faster after an initial exposure to the nitro compound. To determine whether communities taken from other freshwater sites could adapt to mineralize PNP, ecocore samples were collected at five sites on the Escambia River (Fig. 1) . The mineralization data for cores treated initially with radiolabeled PNP (initial cores) are shown in Fig. 2A . After a lag period during which mineralization was negligible, the rates of 14Co2 release increased substantially in all samples. When PNP was added to control cores after 8 days of incubation, the lag period and subsequent mineralization rates were virtually identical to those of the initial cores ( munities from all sites were clearly adapted to degrade the nitro compound (Fig. 2C) . Most of the communities adapted to a greater extent than the communities at the original test site (Fig. 1, 
site A).
To test whether adaptation occurred in estuarine and marine communities, seven sites in the Escambia River estuary and surrounding area (Fig. 3) were sampled and tested for adaptation to PNP. The original river test site (Fig. 1, site  A) provided a freshwater control sample; the other test sites sampled were in Escambia Bay, the Gulf of Mexico, and Range Point saltmarsh in Santa Rosa Sound. Only the initial cores were used (Fig. 4) alization was detected in the control cores during the course of the experiment. Adaptation was maximal 2 weeks after exposure and fell slowly until it was no longer detectable after 7 weeks. Because bacterial activity in the cores incubated for the longer times was likely to have been less than optimal, adaptation in the environment would probably be different. Therefore, the times indicated by a static experiment such as the one described here would underestimate the duration of adaptation in natural systems.
Concentration effects. To determine whether the degree of adaptation depended on the concentration of PNP used during preexposure or on the concentration used in the biodegradation assay, ecocores were prepared with sediment and water from the Escambia River test site and treated in the following ways: (i) different preexposure concentrations and test concentrations the same as the preexposure concentrations (cores were preexposed to different concentrations of PNP, incubated for 5 days to allow communities to adapt, and then tested with radiolabeled PNP at the same concentrations used for preexposure); (ii) different preexposure concentrations and a test concentration of 0.72 ,uM (cores were preexposed to different concentrations of PNP and incubated for 5 days, and then 0.72 ,uM radiolabeled PNP was added to each core); and (iii) 0.72 ,uM PNP preexposure and different test concentrations (cores were preexposed to 0.72 ,uM PNP, incubated for 5 days, and then tested with different concentrations of radiolabeled PNP).
The rate of mineralization of PNP in adapted cores (Fig. 6A) concentration of PNP used in the biodegradation test (Fig. 6B) .
Communities preexposed to different concentrations and tested at the same concentrations (Fig. 7A ). Mineralization and disappearance of the parent compound were much slower in control cores. Similar results were obtained with 2,4-D (Fig.  7B) , and there was no accumulation of 2,4-dichlorophenol.
Cores tested with p-cresol gave identical rates of mineralization and parent compound disappearance regardless of whether they were preexposed (Fig. 7C) . In both cases, p-cresol was attacked rapidly by the microbial community.
Trifluralin was degraded only very slowly, and there were no differences between rates in preexposed communities and those in control communities (Fig. 7D) . No radioactivity was released as 14CO2. DISCUSSION Our results indicate that adaptation of aquatic microbial communities can last for several weeks after exposure to a xenobiotic compound. Therefore, adaptation must be considered when we predict the fate of xenobiotic compounds in environments subjected to repeated or extended exposures. Biodegradation tests should be done with adapted microbial communities, and compounds that cause adaptation can be expected not to persist. There is considerable evidence to indicate that such is the case in terrestrial systems as well (6) .
The ability of communities to adapt varies widely from site to site. Fresh-and saltwater communities clearly differ in the ability to mineralize PNP. It is possible that, given sufficient time, organisms from saline environments would also adapt to degrade nitrophenol faster after exposure, but we have been unable to demonstrate such a response.
Baughman et al. (1) have shown that for many compounds biodegradation rates are proportional to the total bacterial biomass. This relationship does not seem to be true for compounds that are attacked by only a few specific organisms in the test system. Our results strongly suggest that second-order rate constants based on total bacterial biomass cannot be used to predict the biodegradation of certain pollutants that cause adaptation of the microbial community. Preliminary evidence suggests that the response of a community is governed by the presence or absence of bacteria that are able to use the nitro compound as a carbon source.
Results obtained with different concentrations of PNP indicate that the extent of adaptation achieved by a microbial community is not directly proportional to the preexposure concentration of the substrate. There seems to be a threshold concentration of PNP below which there is no detectable adaptation of the community. The threshold concentration is similar to the concentration indicated in our previous work (7) . Ac 
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Trifluralin would biodegrade slowly and at a relatively constant rate, depending on the concentration. p-Cresol would degrade rapidly and immediately, whereas PNP and 2,4-D would persist during adaptation of the microorganisms and then biodegrade rapidly.
Measurements of mineralization do not always accurately reflect the disappearance of a parent compound in a biodegradation test (1) . The results of our experiments clearly show that for PNP and p-cresol, mineralization rates closely parallel rates of parent compound disappearance. This is probably true in most cases where the initial step is rate limiting in a biodegradation sequence that involves complete mineralization. Degradation of the above compounds begins with incorporation of molecular oxygen into the substrate (2, 8) ; subsequent steps in the pathway are considerably less complex. In the case of trifluralin, the initial transformation probably does not produce readily degradable products; therefore, mineralization is a poor indicator of biotransformation.
